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Fenomena sistem dua fasa (bendalir dan pepejal) boleh didapati dalam banyak aplikasi, 
contohnya, pencemaran udara atau air, aliran darah dalam arteri, pengaliran di dalam 
tiub roket, pemendapan dan tilam bercecair. Penyelidikan berkaitan system dua fasa ini 
telah menarik perhatian penyelidik kerana potensinya yang penting dalam penyiasatan 
dinamik bendalir dengan zarah pepejal terampai. Daripada hanya memberi tumpuan 
kepada aliran bendalir (satu fasa), model dua fasa ini mengkaji taburan bagi kedua-dua 
bendalir dan zarah pepejal. Ini menunjukkan bahawa masalah bagi model aliran 
bendalir satu fasa diubahsuai kepada model dua fasa dengan menambah unsur interaksi 
antara bendalir dan zarah pepejal. Dicatatkan bahawa, zarah pepejal diandaikan 
berbentuk abu, jelaga dan debu. Dalam tesis ini, model yang telah diubahsuai disiasat 
secara teori dengan mempertimbangkan bendalir Newtonan dan bendalir bukan 
Newtonan yang berdebu, di mana penerbitan bagi model yang dicadangkan telah 
dirumuskan berdasarkan model aliran dua fasa. Khususnya, aliran dan pemindahan haba 
bagi kedua-dua bendalir Newtonan dan bendalir bukan Newtonan (Casson, Williamson 
dan Jeffrey) dengan kehadiran zarah-zarah debu dipertimbangkan. Selain itu, tesis ini 
memberi perhatian kepada pengaruh medan magnet sejajar dan olakan campuran yang 
berkaitan dengan syarat sempadan terma pemanasan Newtonan (NH) yang mana 
merentasi lembaran regangan menegak. Dalam keadaan ini, aliran bendalir Newtonan 
tanpa zarah debu juga diberi perhatian dalam mengkaji sifat aliran bendalir sebelum 
meneruskan dengan kajian bagi kedua-dua bendalir dan zarah habuk. Persamaan 
menakluk bagi model yang dicadangkan iaitu dalam bentuk persamaan pembezaan 
separa dijelmakan kepada persamaan pembezaan biasa dengan menggunakan 
penjelmaan keserupaan yang sesuai. Pengiraan berangka untuk persamaan yang 
diperolehi kemudian diselesaikan dengan menggunakan kaedah kotak-Keller yang 
diatur cara dalam perisian MATLAB. Keputusan dipaparkan untuk taburan halaju dan 
suhu bersama-sama dengan pekali geseran kulit dan nombor Nusselt. Beberapa 
parameter fizikal seperti parameter interaksi bendalir-zarah, sudut sejajar, medan 
magnet, olakan campuran, parameter konjugat untuk NH, nombor Prandtl serta 
parameter perwakilan untuk setiap model bendalir dikaji dengan mendalam. Didapati 
bahawa, kelakuan halaju dan suhu bagi semua jenis bendalir dipengaruhi oleh kehadiran 
zarah debu di mana ia mempunyai kecenderungan untuk mengurangkan taburan halaju 
dan suhu bagi bendalir. Selain itu, parameter sudut sejajar diperaku sebagai parameter 
kawalan, yang dapat mengawal keamatan medan. Sementara itu, parameter yang 
mewakili model bendalir yang diberi perhatian dalam thesis ini, merangkumi Casson, 
Williamson dan nisbah santaian kepada masa rencatan meningkatkan taburan suhu 
bendalir dan habuk, manakala trend sebaliknya berlaku untuk taburan halaju. Keputusan 
perbandingan untuk semua model yang dicadangkan menunjukkan bahawa medan 
aliran untuk bendalir Newtonan berdebu mempunyai taburan tertinggi berbanding 
bendalir bukan Newtonan berdebu. Walaubagaimanapun, bendalir Casson berdebu 
mempunyai ciri pemindahan haba yang lebih tinggi berbanding bendalir Williamson 
berdebu dan bendalir Jeffrey berdebu. 
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ABSTRACT 
The phenomena of two-phase system (fluid and solid) can be found in many 
applications, for instance, the air or water pollution, blood flow in arteries, flows in 
rocket tubes, sedimentation and fluidized bed. The research on this two-phase system 
has been given considerable attention by many researchers due to its significant 
potential in investigating the fluid dynamics with the suspension of the solid particles. 
Instead of only focused on the fluid flow (one phase), this two-phase model examines 
the distributions of both fluid and solid particles. This implies that the single phase 
model of fluid flow problem is modified into the two-phase model by the additional of 
the element of interaction between the fluid and solid particles. Note that, the solid 
particle is assumed to be in the form of ash, soot and dust. In this thesis, the modified 
model is investigated theoretically by considering the dusty Newtonian fluid and dusty 
non-Newtonian fluid, in which the derivation for the particular proposed model have 
been formulated based on two-phase flow model. Specifically, the flow and heat 
transfer of both Newtonian and non-Newtonian (Casson, Williamson and Jeffrey) fluids 
are considered in the presence of dust particles. Besides, this thesis concerns on the 
influences of aligned magnetic field and mixed convection associated with the thermal 
boundary conditions of Newtonian heating (NH) where it passed along a vertical 
stretching sheet. Under these conditions, the single phase flow of Newtonian fluid 
without the dust particles is also given attention in order to study the characteristic of 
fluid flow independently before proceeding further with investigation for both fluid and 
dust particles. The governing equations of all proposed models in the form of partial 
differential equations are transformed into the ordinary differential equations by 
employing the suitable similarity transformation. The numerical computations for the 
obtained equations are then computed using the Keller-box method which is 
programmed in MATLAB software. The results are presented for the velocity and 
temperature distribution together with the skin friction coefficient and Nusselt number. 
Several physical parameters such as fluid-particle interaction, aligned angle, magnetic 
field, mixed convection, conjugate parameter for NH, Prandtl number, as well as the 
representative parameters for each fluid model are investigated in details. It is found 
that, the velocity and temperature behavior of all types of fluid are affected by the 
presence of dust particles, in which it has the tendency to decrease velocity and 
temperature distribution of fluid. Moreover, the aligned angle parameter is 
acknowledged as the controlling parameter, which can control the intensity of magnetic 
field. Meanwhile, the representative parameters for the fluid models concentrated in this 
thesis, which encompass of Casson, Williamson and ratio of relaxation to retardation 
times improved the temperature distribution of fluid as well as dust phase, whereas the 
reverse trend occurs for velocity distributions. Comparative results of all proposed 
models show that dusty Newtonian fluid has the highest distribution in the flow field in 
comparison to dusty non-Newtonian fluid. However, dusty Casson fluid has the higher 
heat transfer characteristic compared to dusty Williamson fluid and dusty Jeffrey fluid. 
v 
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Williamson parameter 
  dimensionless of temperature for fluid phase 
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dimensionless of temperature for dust phase 
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p  density of particles 
y  fluid yield stress 
  stream function 
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  step size 




Abbas, Z., Hasnain, J. and Sajid, M. (2019). Effects of slip on MHD flow of a dusty 
fluid over a stretching sheet through porous space. Journal of Engineering 
Thermophysics, 28(1):84-102. 
 
Aboul-Hassan, A. and Attia, H. (2002). Hydromagnetic flow of a dusty fluid in a 
rectangular channel with Hall current and heat transfer. Canadian Journal of 
Physics, 80(5):579-589. 
 
Akbar, N. S., Rahman, S., Ellahi, R. and Nadeem, S. (2014). Blood flow study of 
Williamson fluid through stenosed arteries with permeable walls. The European 
Physical Journal Plus, 129(11):256. 
 
Al-Sharifi, H. A. M., Kasim, A. R. M., Aziz, L. A., Salleh, M. Z. and Shafie, S. 
(2017a). Influence of aligned magneto hydrodynamic of Jeffrey fluid across a 
stretching sheet. Indian Journal of Science and Technology, 10(7):1-5. 
 
Al-Sharifi, H. A. M. , Kasim, A. R. M, Salleh, M. Z. and Shafie, S. (2017b). Effect of 
aligned magnetohydrodynamics on convective boundary layer flow of Jeffrey 
micropolar fluid with Newtonian heating across a stretching sheet. In AIP 
Conference Proceedings, volume 1830, pages 020049. AIP Publishing. 
 
Al-Sharifi, H. A. M., Kasim, A. R. M., Salleh, M. Z. and Shafie, S. (2017c). Numerical 
solutions on flow and heat transfer of non-Newtonian Jeffrey micropolar fluid. 
Indian Journal of Science and Technology, 10(7):1-5. 
 
Al-Sharifi, H. A. M., Kasim, A. R. M. and Salleh, M. Z. (2016). Effect of Newtonian 
heating on the mixed convection boundary layer flow of Eyring-Powell fluid 
across a nonlinearly stretching sheet. Journal of Engineering and Applied 
Sciences, 11(11):2372-2377. 
 
Al-Subaie, M. A. and Chamkha, A. J. (2003). Analytical solutions for hydromagnetic 
natural convection flow of a particulate suspension through a channel with heat 
generation or absorption effects. Heat and Mass Transfer, 39(8-9):701-707. 
 
Ali, F. M., Nazar, R. M., Arifin, N. and Pop, I. (2014). Mixed convection stagnation-
point flow on vertical stretching sheet with external magnetic field. Applied 
Mathematics and Mechanics, 35(2):155-166. 
 
Ali, N., Teixeira, J. A. and Addali, A. (2018). A review on nanofluids: Fabrication, 
stability, and thermophysical properties. Journal of Nanomaterials, 2018:1-33. 
 
Alkasasbeh, H. T., Sarif, N. M., Salleh, M. Z., Tahar, R. M., Nazar, R. M. and Pop, I. 
(2015). Effect of radiation and magnetohydrodynamic free convection boundary 
layer flow on a solid sphere with Newtonian heating in a micropolar fluid. In 
AIP Conference Proceedings, volume 1643, pages 662-669. AIP Publishing. 
 
194 
Anderson Jr, J. D. (2009). Governing equations of fluid dynamics. In J. F. Wendt. 
Editor (Eds.), Computational fluid dynamics (pp. 15-51). New York: Springer. 
 
Andersson, H. (1995). An exact solution of the Navier-Stokes equations for 
magnetohydrodynamic flow. Acta Mechanica, 113(1-4):241-244. 
 
Anwar, M., Shafie, S., Hayat, T., Shehzad, S. and Salleh, M. (2017). Numerical study 
for MHD stagnation-point flow of a micropolar nanofluid towards a stretching 
sheet. Journal of the Brazilian Society of Mechanical Sciences and Engineering, 
39(1):89-100. 
 
Arakeri, J. H. and Shankar, P. (2000). Ludwig Prandtl and boundary layers in fluid 
flow. Resonance, 5(12):48-63. 
 
Attia, H. A. (2005). Hall effect on Couette flow with heat transfer of a dusty conducting 
fluid in the presence of uniform suction and injection. African Journal of 
Mathematical Physic, 2(1):97-110. 
 
Beckett, S. T. (2001). Casson model for chocolate, friend or foe?. Manufacturing 
Confectioner, 81(3):61-67. 
 
Bég, T., Rashidi, M., Bég, O. A. and Rahimzadeh, N. (2013). Differential transform 
semi-numerical analysis of biofluid-particle suspension flow and heat transfer in 
non-Darcian porous media. Computer Methods in Biomechanics and 
Biomedical Engineering, 16(8):896-907. 
 
Bejan, A. (2013). Convection heat transfer. John Wiley & Sons. New Jersey. 
 
Bejan, A. and Kraus, A. D. (2003). Heat transfer handbook. John Wiley & Sons. New 
Jersey 
 
Bergman, T. L., Incropera, F. P., DeWitt, D. P. and Lavine, A. S. (2011). Fundamentals 
of heat and mass transfer. John Wiley & Sons. New Jersey. 
 
Bhatti, M. and Zeeshan, A. (2016a). Analytic study of heat transfer with variable 
viscosity on solid particle motion in dusty Jeffery fluid. Modern Physics Letters 
B, 30(16):1650196. 
 
Bhatti, M., Zeeshan, A. and Ijaz, N. (2016b). Slip effects and endoscopy analysis on 
blood flow of particle-fluid suspension induced by peristaltic wave. Journal of 
Molecular Liquids, 218:240-245. 
 
Bird, R. B., Dai, G. and Yarusso, B. J. (1983). The rheology and flow of viscoplastic 
materials. Reviews in Chemical Engineering, 1(1):1-70. 
 
Butt, A. S., Ali, A. and Mehmood, A. (2017). Hydromagnetic stagnation point flow and 
heat transfer of particle suspended fluid towards a radially stretching sheet with 
heat generation. Proceedings of the National Academy of Sciences, India 
Section A: Physical Sciences, 87(3):385-394. 
195 
Casson, N. (1959). A flow equation for pigment-oil suspensions of the printing ink 
type. Pergamon Press. New York. 
 
Cebeci, T. and Bradshaw, P. (2012). Physical and computational aspects of convective 
heat transfer. Springer. New York. 
 
Cebeci, T., Kaups, K., Mosinskis, G. and Rehn, J. (1973). Some problems of the 
calculation of three-dimensional boundary layer flows on general 
configurations. NASA CR-2285. 
 
Chakrabarti, A. and Gupta, A. (1979). Hydromagnetic flow and heat transfer over a 
stretching sheet. Quarterly of Applied Mathematics, 37(1):73-78. 
 
Chamkha, A. J. (1998). Effects of particulate diffusion on the compressible boundary-
layer flow of a two-phase suspension over a horizontal surface. Journal of Fluids 
Engineering, 120(1):146-151. 
 
Chamkha, A. J. and Adeeb, J. (1999). Oscillatory natural convection flow of a two-
phase suspension over a surface in the presence of magnetic field and heat 
generation effects. International Journal of Fluid Mechanics Research, 26(5-
6):643-659. 
 
Chamkha, A. J. and Al-Rashidi, S. S. (2010). Analytical solutions for hydromagnetic 
natural convection flow of a particulate suspension through isoflux–isothermal 
channels in the presence of a heat source or sink. Energy Conversion and 
Management, 51(4):851-858. 
 
Chamkha, A. J. and Ramadan, H. M. (1998). Analytical solutions for free convection 
flow of a particulate suspension past an infinite vertical surface. International 
Journal of Engineering Science, 36(1):49-60. 
 
Chaudhary, R. and Jain, P. (2007). An exact solution to the unsteady free-convection 
boundary-layer flow past an impulsively started vertical surface with Newtonian 
heating. Journal of Engineering Physics and Thermophysics, 80(5):954-960. 
 
Chhabra, R. P. (2010). Non-Newtonian fluids: an introduction. Rheology of complex 
fluids. Springer. New York. 
 
Chow, J. C. (1975). Blood flow: Theory, effective viscosity and effects of particle 
distribution. Bulletin of Mathematical Biology, 37:471-488. 
 
Crane, L. J. (1970). Flow past a stretching plate. Zeitschrift für angewandte Mathematik 
und Physik ZAMP, 21(4):645-647. 
 
Dalir, N. (2014). Numerical study of entropy generation for forced convection flow and 




Dapra, I. and Scarpi, G. (2007). Perturbation solution for pulsatile flow of a non-
Newtonian Williamson fluid in a rock fracture. International Journal of Rock 
Mechanics and Mining Sciences, 44(2):271-278. 
 
Datta, N. and Mishra, S. (1982). Boundary layer flow of a dusty fluid over a semi-
infinite flat plate. Acta Mechanica, 42(1):71-83. 
 
Dawood, H., Mohammed, H., Sidik, N. A. C., Munisamy, K. and Wahid, M. (2015). 
Forced, natural and mixed-convection heat transfer and fluid flow in annulus: A 
review. International Communications in Heat and Mass Transfer, 62:45-57. 
 
Dutta, B. (1988). Heat transfer from a stretching sheet in hydromagnetic 
flowWärmeübergang an einer gedehnten Membran bei hydromagnetischer 
Strömung. Wärme-und Stoffübertragung, 23(1):35-37. 
 
Ellahi, R., Bhatti, M. M. and Pop, I. (2016). Effects of hall and ion slip on MHD 
peristaltic flow of Jeffrey fluid in a non-uniform rectangular duct. International 
Journal of Numerical Methods for Heat & Fluid Flow, 26(6):1802-1820. 
 
Farooq, M., Gull, N., Alsaedi, A. and Hayat, T. (2015). MHD flow of a Jeffrey fluid 
with Newtonian heating. Journal of Mechanics, 31(3):319-329. 
 
Fathizadeh, M., Madani, M., Khan, Y., Faraz, N., Yıldırım, A. and Tutkun, S. (2013). 
An effective modification of the homotopy perturbation method for mhd viscous 
flow over a stretching sheet. Journal of King Saud University-Science, 
25(2):107-113. 
 
Ferziger, J. H. and Peric, M. (2012). Computational methods for fluid dynamics. 
Springer. New York. 
 
Gad, N. (2011). Effect of Hall currents on interaction of pulsatile and peristaltic 
transport induced flows of a particle–fluid suspension. Applied Mathematics and 
Computation, 217(9):4313-4320. 
 
Ghosh, N., Ghosh, B. and Debnath, L. (2000). The hydromagnetic flow of a dusty 
visco-elastic fluid between two infinite parallel plates. Computers & 
Mathematics with Applications, 39(1-2):103-116. 
 
Ghosh, S. (1996). Hydromagnetic flow in a rotating channel permeated by an inclined 
magnetic field in the presence of an oscillator. Czechoslovak Journal of Physics, 
46(1):85-95. 
 
Ghosh, S. (1997). A note on unsteady hydromagnetic flow in a rotating channel 
permeated by an inclined magnetic field in the presence of an oscillator. 
Czechoslovak Journal of Physics, 47(8):787-792. 
 
Ghosh, S. (1999). Hall effect on unsteady hydromagnetic flow in a rotating channel 
permeated by an inclined magnetic field in the presence of an oscillator. 
Czechoslovak Journal of Physics, 49(4):465-472. 
197 
Gireesha, B., Mahanthesh, B., Manjunatha, P. and Gorla, R. (2015). Numerical solution 
for hydromagnetic boundary layer flow and heat transfer past a stretching 
surface embedded in non-Darcy porous medium with fluid-particle suspension. 
Journal of the Nigerian Mathematical Society, 34(3):267-285. 
 
Gireesha, B., Ramesh, G., Abel, M. S. and Bagewadi, C. (2011). Boundary layer flow 
and heat transfer of a dusty fluid flow over a stretching sheet with non-uniform 
heat source/sink. International Journal of Multiphase Flow, 37(8):977-982. 
 
Gireesha, B. J., Mahanthesh, B., Gorla, R. S. R. and Manjunatha, P. T. (2016). Thermal 
radiation and Hall effects on boundary layer flow past a non-isothermal 
stretching surface embedded in porous medium with non-uniform heat 
source/sink and fluid-particle suspension. Heat and Mass Transfer, 52(4):897-
911. 
 
Goldsworthy, F. (1961). Magnetohydrodynamic flows of a perfectly conducting, 
viscous fluid. Journal of Fluid Mechanics, 11(4):519-528. 
 
Hakeem, A. A., Renuka, P., Ganesh, N. V., Kalaivanan, R. and Ganga, B. (2016). 
Influence of inclined Lorentz forces on boundary layer flow of Casson fluid 
over an impermeable stretching sheet with heat transfer. Journal of Magnetism 
and Magnetic Materials, 401:354-361. 
 
Hartmann, J. (1937). Hydrodynamics I theory of the laminar flow of an electrically 
conducting liquid in a homogeneous magnetic field. Kgl. Danske 
Videnskabemes Selskab, hlathematiakFysiske Meddelelser, 15(6):1-27. 
 
Hayat, T., Awais, M. and Alsaedi, A. (2012a). Newtonian heating and 
magnetohydrodynamic effects in flow of a Jeffery fluid over a radially 
stretching surface. International Journal of Physical Sciences, 7(21):2838-2844. 
 
Hayat, T., Awais, M., Asghar, S. and Hendi, A. A. (2011). Analytic solution for the 
magnetohydrodynamic rotating flow of Jeffrey fluid in a channel. Journal of 
Fluids Engineering, 133(6):061201-1–7. 
 
Hayat, T., Iqbal, Z., Mustafa, M. and Alsaedi, A. (2014). Unsteady flow and heat 
transfer of Jeffrey fluid over a stretching sheet. Thermal Science, 18(4):1069-
1078. 
 
Hayat, T., Shehzad, S., Alsaedi, A. and Alhothuali, M. (2012b). Mixed convection 
stagnation point flow of Casson fluid with convective boundary conditions. 
Chinese Physics Letters, 29(11):114704. 
 
Hollerbach, R. (2000). Magnetohydrodynamic flows in spherical shells. Physics of 
rotating fluids. Springer. Berlin. 
 
Hsiao, K.-L. (2010). Heat and mass mixed convection for MHD visco-elastic fluid past 
a stretching sheet with ohmic dissipation. Communications in Nonlinear Science 
and Numerical Simulation, 15(7):1803-1812. 
198 
Hussanan, A. (2016). Exact solutions for some types of newtonian and non-newtonian 
fluids. Ph.D thesis, Universiti Malaysia Pahang. 
 
Hussanan, A., Khan, I. and Shafie, S. (2013). An exact analysis of heat and mass 
transfer past a vertical plate with Newtonian heating. Journal of Applied 
Mathematics, 2013:1-9. 
 
Hussanan, A., Salleh, M. Z., Khan, I. and Shafie, S. (2018a). Analytical solution for 
suction and injection flow of a viscoplastic Casson fluid past a stretching surface 
in the presence of viscous dissipation. Neural Computing and Applications, 
29(12):1507-1515. 
 
Hussanan, A., Salleh, M. Z., Khan, I. and Tahar, R. M. (2018b). Heat and mass transfer 
in a micropolar fluid with Newtonian heating: an exact analysis. Neural 
Computing and Applications, 29(6):59-67. 
 
Ilias, R. M. (2018). Steady and unsteady aligned magnetohydrodynamics free 
convection flows of magnetic and non magnetic nanofluids along a wedge, 
vertical and inclined plates. Ph.D thesis, Universiti Teknologi Malaysia. 
 
Isa, S. M. (2017). Magnetohydrodynamics natural convection boundary layer flow of 
dusty fluid past a vertical stretching sheet. Ph.D thesis, Univesiti Teknologi 
Malaysia. 
 
Isa, S. M. and Ali, A. (2015). Unsteady hydromagnetic flow of dusty fluid and heat 
transfer over a vertical stretching sheet with thermal radiation. In AIP 
Conference Proceedings, volume 1682, page 020053. AIP Publishing. 
 
Isa, S. M., Ali, A. and Shafie, S. (2016). Magnetohydrodynamic flow of dusty fluid past 
a vertical stretching sheet with Hall effect. In AIP Conference Proceedings, 
volume 1750, page 020005. AIP Publishing. 
 
Ishak, A., Jafar, K., Nazar, R. and Pop, I. (2009). MHD stagnation point flow towards a 
stretching sheet. Physica A: Statistical Mechanics and its Applications, 
388(17):3377-3383. 
 
Ishak, A., Nazar, R., Bachok, N. and Pop, I. (2010). MHD mixed convection flow near 
the stagnation-point on a vertical permeable surface. Physica A: Statistical 
Mechanics and its Applications, 389(1):40-46. 
 
Ishak, A., Nazar, R. and Pop, I. (2006). Mixed convection boundary layers in the 
stagnation-point flow toward a stretching vertical sheet. Meccanica, 41(5):509-
518. 
 
Ishak, A., Nazar, R. and Pop, I. (2008). Hydromagnetic flow and heat transfer adjacent 
to a stretching vertical sheet. Heat and Mass Transfer, 44(8):921-927. 
 
Jaluria, Y. (1980). Natural convection: heat and mass transfer. Pergamon Press. New 
York 
199 
Janke, V. R. R., Naramgari, S. and Vangala, S. (2015). MHD flow of a nanofluid 
embedded with dust particles due to cone with volume fraction of dust and nano 
particles. Procedia Engineering, 127:1026-1033. 
 
John, D. and Anderson, J. R. (1995). Computational fluid dynamics: the basics with 
applications. McGraw-HILL Education. New York. 
 
Kaimal, M. (1978). Peristaltic pumping of a Newtonian fluid with particles suspended 
in it at low Reynolds number under long wavelength approximations. Journal of 
Applied Mechanics, 45(1):32-36. 
 
Kalaivanan, R., Renuka, P., Ganesh, N. V., Hakeem, A. A., Ganga, B. and Saranya, S. 
(2015). Effects of aligned magnetic field on slip flow of Casson fluid over a 
stretching sheet. Procedia Engineering, 127:531-538. 
 
Kannan, K. (2001). Study of some two phase fluid flow problems without and with heat 
conduction. Ph.D thesis, Alaggapa University, India. 
 
Kasim, A. R. M., Mohammad, N. F., Anwar, I. and Shafie, S. (2013a). MHD effect on 
convective boundary layer flow of a viscoelastic fluid embedded in porous 
medium with Newtonian heating. Recent Advances in Mathematics, 4:182-189. 
 
Kasim, A. R. M., Mohammad, N. F., Aurangzaib, A. and Shafie, S. (2013b). Natural 
convection boundary layer flow past a sphere with constant heat flux in 
viscoelastic fluid. Jurnal Teknologi, 62(3):27-32. 
 
Kasim, A. R. M. , Mohammad, N. F. and Aurangzaib, S. S. (2012). Natural convection 
boundary layer flow of a viscoelastic fluid on solid sphere with Newtonian 
heating. World Academy of Science, Engineering and Technology, 64:628-633. 
 
Kasim, A. R. M. (2014). Convective boundary layer flow of viscoelastic fluid. Ph.D 
thesis, Universiti Teknologi Malaysia. 
 
Kasim, A. R. M., Mohammad, N. F., Shafie, S. and Pop, I. (2013c). Constant heat flux 
solution for mixed convection boundary layer viscoelastic fluid. Heat and Mass 
Transfer, 49(2):163-171. 
 
Kay, A. (2016). When is natural convection completely passive? ZAMM‐ Journal of 
Applied Mathematics and Mechanics/Zeitschrift für Angewandte Mathematik 
und Mechanik, 96(3):279-303. 
 
Keller, H. (1970). A new difference scheme for parabolic problems. In J. Bramble. 
Editor (Eds.), Numerical solution of partial differential equations-II (pp. 327-
350). New York: Academic Press. 
 
Khan, M., Malik, M., Salahuddin, T. and Hussian, A. (2018). Heat and mass transfer of 
Williamson nanofluid flow yield by an inclined Lorentz force over a nonlinear 
stretching sheet. Results in Physics, 8:862-868. 
200 
Kumar, K. G., Rudraswamy, N. G., Gireesha, B. J. and Manjunatha, S. (2017). Non 
linear thermal radiation effect on Williamson fluid with particle-liquid 
suspension past a stretching surface. Results in Physics, 7:3196-3202. 
 
Kumar, S. K. and Sarma, L. (1991). Fluid-particle suspension flow past a stretching 
sheet. International Journal of Engineering Science, 29(1):123-132. 
 
Kumari, M., Pop, I. and Takhar, H. (1997). Free-convection boundary-layer flow of a 
non-Newtonian fluid along a vertical wavy surface. International Journal of 
Heat and Fluid Flow, 18(6):625-631. 
 
Lesnic, D., Ingham, D., Pop, I. and Storr, C. (2004). Free convection boundary-layer 
flow above a nearly horizontal surface in a porous medium with Newtonian 
heating. Heat and Mass Transfer, 40(9):665-672. 
 
Lesnic, D., Ingham, D. B. and Pop, I. (1999). Free convection boundary-layer flow 
along a vertical surface in a porous medium with Newtonian heating. 
International Journal of Heat and Mass Transfer, 42(14):2621-2627. 
 
Lesnic, D., Ingham, D. B. and Pop, I. (2000). Free convection from a horizontal surface 
in a porous medium with Newtonian heating. Journal of Porous Media, 
3(3):227-235. 
 
Liao, S.-J. (2003). On the analytic solution of magnetohydrodynamic flows of non-
Newtonian fluids over a stretching sheet. Journal of Fluid Mechanics, 488:189-
212. 
 
Liu, I.-C. (2005). A note on heat and mass transfer for a hydromagnetic flow over a 
stretching sheet. International Communications in Heat and Mass Transfer, 
32(8):1075-1084. 
 
Mahanthesh, B. and Gireesha, B. (2018). Thermal Marangoni convection in two-phase 
flow of dusty Casson fluid. Results in physics, 8:537-544. 
 
Makinde, O. D. (2010). Similarity solution of hydromagnetic heat and mass transfer 
over a vertical plate with a convective surface boundary condition. International 
Journal of Physical Sciences, 5(6):700-710. 
 
Makinde, O. D. (2011). Similarity solution for natural convection from a moving 
vertical plate with internal heat generation and a convective boundary condition. 
Thermal Science, 15(1):137-143. 
 
Mangi, A. (2013). Unsteady magnetohydrodynamics flow of a micropolar fluid with 
heat and mass transfer. Ph.D thesis, Universiti Teknologi Malaysia. 
 
Marble, F. E. (1963). Dynamics of a gas containing small solid particles. In Proceedings 
of the 5th AGARD Combustion and Propulsion Symposium, pages 175-213. 
Pergamon Press, Oxford. 
 
201 
Merkin, J. (1994). Natural-convection boundary-layer flow on a vertical surface with 
Newtonian heating. International Journal of Heat and Fluid Flow, 15(5):392-
398. 
 
Merkin, J., Nazar, R. M. and Pop, I. (2012). The development of forced convection heat 
transfer near a forward stagnation point with Newtonian heating. Journal of 
Engineering Mathematics, 74(1):53-60. 
 
Merkin, J. and Pop, I. (1996). Conjugate free convection on a vertical surface. 
International Journal of heat and Mass transfer, 39(7):1527-1534. 
 
Mohamed, M. K. A., Salleh, M. Z., Noar, N. A. Z. and Ishak, A. (2017). Buoyancy 
effect on stagnation point flow past a stretching vertical surface with Newtonian 
heating. In AIP Conference Proceedings, 1795, 020005. AIP Publishing. 
 
Mohamed, M. K. A., Salleh, M. Z., Ishak, A. and Pop, I. (2015). Stagnation point flow 
and heat transfer over a stretching/shrinking sheet in a viscoelastic fluid with 
convective boundary condition and partial slip velocity. The European Physical 
Journal Plus, 130(8):171. 
 
Mohamed, M. K. A., Salleh, M. Z., Nazar, R. M. and Ishak, A. (2012). Stagnation point 
flow over a stretching sheet with Newtonian heating. Sains Malays, 
41(11):1467-1473. 
 
Mukhopadhyay, S. (2013a). Casson fluid flow and heat transfer over a nonlinearly 
stretching surface. Chinese Physics B, 22(7):074701. 
 
Mukhopadhyay, S., De, P. R., Bhattacharyya, K. and Layek, G. (2013b). Casson fluid 
flow over an unsteady stretching surface. Ain Shams Engineering Journal, 
4(4):933-938. 
 
Mustafa, M., Hayat, T. and Alsaedi, A. (2017). Rotating flow of Maxwell fluid with 
variable thermal conductivity: An application to non-Fourier heat flux theory. 
International Journal of Heat and Mass Transfer, 106:142-148. 
 
Muthtamilselvan, M., Ramya, E., Doh, D. and Cho, G. (2018). Heat Transfer Analysis 
of a Williamson Micropolar Nanofluid With Different Flow Controls. Journal of 
Mechanics, 1-14. 
 
Nadeem, S. and Akram, S. (2010). Influence of inclined magnetic field on peristaltic 
flow of a Williamson fluid model in an inclined symmetric or asymmetric 
channel. Mathematical and Computer Modelling, 52(1-2):107-119. 
 
Nadeem, S., Haq, R. U., Akbar, N. S. and Khan, Z. (2013a). MHD three-dimensional 
Casson fluid flow past a porous linearly stretching sheet. Alexandria 
Engineering Journal, 52(4):577-582. 
 
Nadeem, S. and Hussain, S. (2014). Flow and heat transfer analysis of Williamson 
nanofluid. Applied Nanoscience, 4(8):1005-1012. 
202 
Nadeem, S., Hussain, S. and Lee, C. (2013b). Flow of a Williamson fluid over a 
stretching sheet. Brazilian Journal of Chemical Engineering, 30(3):619-625. 
 
Nakamura, M. and Sawada, T. (1988). Numerical study on the flow of a non-Newtonian 
fluid through an axisymmetric stenosis. Journal of Biomechanical Engineering, 
110(2):137-143. 
 
Nandkeolyar, R. and Sibanda, P. (2013). On convective dusty flow past a vertical 
stretching sheet with internal heat absorption. Journal of Applied Mathematics, 
2013:1-9. 
 
Naramgari, S. and Sulochana, C. (2016). MHD flow of dusty nanofluid over a 
stretching surface with volume fraction of dust particles. Ain Shams 
Engineering Journal, 7(2):709-716. 
 
Nazar, R. M. (2004). Mathematical models for free and mixed convection boundary 
layer flows of micropolar fluids. Ph.D thesis, Universiti Teknologi Malaysia. 
 
Nguyen, Q.-H. and Nguyen, N.-D. (2012). Incompressible non-Newtonian fluid flows. 
Continuum Mechanics-Progress in fundamentals and Engineering applications. 
InTech. Croatia. 
 
Oertel, H. (2004). Prandtl’s essentials of fluid mechanics. Mathematical Sciences. 
Springer. New York. 
 
Otterman, B. and Lee, S.-L. (1969). Particle migrations in laminar mixing of a 
suspension with a clean fluid. Zeitschrift für Angewandte Mathematik und 
Physik (ZAMP), 20(5):730-749. 
 
Padma, R., Selvi, R. T. and Ponalagusamy, R. (2019). Effects of slip and magnetic field 
on the pulsatile flow of a Jeffrey fluid with magnetic nanoparticles in a stenosed 
artery. The European Physical Journal Plus, 134(5):221. 
 
Papanastasiou, T., Georgiou, G. and Alexandrou, A. N. (1999). Viscous fluid flow. 
CRC Press. Boca Raton. 
 
Pavithra, G. and Gireesha, B. (2013). Effect of internal heat generation/absorption on 
dusty fluid flow over an exponentially stretching sheet with viscous dissipation. 
Journal of Mathematics, 2013:1-10. 
 
Pavlov, K. (1974). Magnetohydrodynamic flow of an incompressible viscous fluid 
caused by deformation of a plane surface. Magnitnaya Gidrodinamika, 4:146-
147. 
 
Pop, I. and Ingham, D. B. (2001). Convective heat transfer: mathematical and 




Pop, I., Sunada, J., Cheng, P. and Minkowycz, W. (1985). Conjugate free convection 
from long vertical plate fins embedded in a porous medium at high Rayleigh 
numbers. International Journal of Heat and Mass Transfer, 28(9):1629-1636. 
 
Pozzi, A. and Lupo, M. (1988). The coupling of conduction with laminar natural 
convection along a flat plate. International Journal of Heat and Mass Transfer, 
31(9):1807-1814. 
 
Prasad, K., Sujatha, A., Vajravelu, K. and Pop, I. (2012). MHD flow and heat transfer 
of a UCM fluid over a stretching surface with variable thermophysical 
properties. Meccanica, 47(6):1425-1439. 
 
Raju, C., Sandeep, N., Sulochana, C., Sugunamma, V. and Babu, M. J. (2015). 
Radiation, inclined magnetic field and cross-diffusion effects on flow over a 
stretching surface. Journal of the Nigerian Mathematical Society, 34(2):169-
180. 
 
Ramesh, G., Gireesha, B. and Bagewadi, C. (2012). MHD flow of a dusty fluid near the 
stagnation point over a permeable stretching sheet with non-uniform 
source/sink. International Journal of Heat and Mass Transfer, 55(17):4900-4907. 
 
Ramesh, G., Kumar, K. G., Shehzad, S. and Gireesha, B. (2017). Enhancement of 
radiation on hydromagnetic Casson fluid flow towards a stretched cylinder with 
suspension of liquid-particles. Canadian Journal of Physics, 96(1):18-24. 
 
Rapp, B. E. (2016). Microfluidics: Modeling, mechanics and mathematics. William 
Andrew. United State. 
 
Reddy, M. G., Rani, M. S., Kumar, K. G. and Prasannakumara, B. (2018a). Cattaneo–
Christov heat flux and non-uniform heat-source/sink impacts on radiative 
Oldroyd-B two-phase flow across a cone/wedge. Journal of the Brazilian 
Society of Mechanical Sciences and Engineering, 40(2):95. 
 
Reddy, M. G., Rani, M. S. and Prasannakumara, C. (2018b). Non-linear radiation and 
chemical reaction impacts on hydromagnetic particle suspension flow in non-
Newtonian fluids. International Journal of Chemical Reactor Engineering, 
16(6):1-16. 
 
Reddy, V. P., Kumar, R. K., Reddy, G. V., Prasad, P. D. and Varma, S. (2015). Free 
convection heat and mass transfer flow of chemically reactive and radiation 
absorption fluid in an aligned magnetic filed. Procedia Engineering, 127:575-
582. 
 
Reddy, Y. (1972). Flow of a dusty viscous liquid through rectangular channel. Defence 
Science Journal, 22(3):149-152. 
 
Roopa, G., Gireesha, B. and Bagewadi, C. (2013). Numerical investigation of mixed 
convection boundary layer flow of a dusty fluid over an vertical surface with 
radiation. Afrika Matematika, 24(4):487-502. 
204 
Rossow, V. J. (1958). On flow of electrically conducting fluids over a flat plate in the 
presence of a transverse magnetic field. NACA TN 3971:489-508. 
 
Saeed, A., Islam, S., Dawar, A., Shah, Z., Kumam, P. and Khan, W. (2019). Influence 
of Cattaneo–Christov Heat Flux on MHD Jeffrey, Maxwell, and Oldroyd-B 
Nanofluids with Homogeneous-Heterogeneous Reaction. Symmetry, 11(3):439. 
 
Saffman, P. (1962). On the stability of laminar flow of a dusty gas. Journal of Fluid 
Mechanics, 13(01):120-128. 
 
Salleh, M. Z., Nazar, R. M. and Pop, I. (2010). Boundary layer flow and heat transfer 
over a stretching sheet with Newtonian heating. Journal of the Taiwan Institute 
of Chemical Engineers, 41(6):651-655. 
 
Salleh, M. Z., Nazar, R. M. and Pop, I. (2012). Numerical solutions of free convection 
boundary layer flow on a solid sphere with Newtonian heating in a micropolar 
fluid. Meccanica, 47(5):1261-1269. 
 
Salleh, M. Z., Nazar, R. M., Zaharim, A. and Sopian, K. (2009). Free convection 
boundary layer flow near the lower stagnation point of a sphere with Newtonian 
heating in a micropolar fluid. In In The 3rd International Conference On 
Mathematical Sciences, volume 1602, pages 76-82. AIP Publishing. 
 
Sandeep, N. and Sugunamma, V. (2013). Effect of inclined magnetic field on unsteady 
free convective flow of dissipative fluid past a vertical plate. World Applied 
Sciences Journal, 22(7):975-984. 
 
Sandeep, N., Sugunamma, V. and Mohankrishna, P. (2014). Aligned magnetic field, 
radiation, and rotation effects on unsteady hydromagnetic free convection flow 
past an impulsively moving vertical plate in a porous medium. International 
Journal of Engineering Mathematics, 2014:1-7. 
 
Sandeep, N., Sulochana, C. and Kumar, B. R. (2016). Unsteady MHD radiative flow 
and heat transfer of a dusty nanofluid over an exponentially stretching surface. 
Engineering Science and Technology, an International Journal, 19(1):227-240. 
 
Saravana, R., Sailaja, M. and Reddy, R. H. (2018). Effect of aligned magnetic field on 
Casson fluid flow over a stretched surface of non-uniform thickness. Nonlinear 
Engineering, 1-10. 
 
Schlichting, H. (1974). Boundary-layer theory. Springer. Berlin. 
 
Schlichting, H. and Gersten, K. (2017). Fundamentals of boundary–layer theory. 
Boundary-Layer Theory. Springer. Berlin. 
 
Seth, G. and Ghosh, S. (1986). Unsteady hydromagnetic flow in a rotating channel in 




Seth, G., Nandkeolyar, R. and Ansari, M. S. (2012). Effects of Hall current and rotation 
on unsteady MHD couette flow in the presence of an inclined magnetic field. 
Journal of Applied Fluid Mechanics, 5(2):67-74. 
 
Seth, G., Nandkeolyar, R., Mahto, N. and Singh, S. (2009). MHD Couette flow in a 
rotating system in the presence of an inclined magnetic field. Applied 
Mathematical Sciences, 3(57-60):2919-2932. 
 
Shawky, H. M. (2009). Pulsatile flow with heat transfer of dusty magnetohydrodynamic 
Ree-Eyring fluid through a channel. Heat and Mass Transfer, 45(10):1261-1269. 
 
Shehzad, S., Hayat, T., Alsaedi, A. and Ahmad, B. (2015). Effects of thermophoresis 
and thermal radiation in mixed convection three-dimensional flow of Jeffrey 
fluid. Applied Mathematics and Mechanics, 36(5):655-668. 
 
Shehzad, S. A., Hayat, T. and Alsaedi, A. (2016). Three-dimensional MHD flow of 
Casson fluid in porous medium with heat generation. Journal of Applied Fluid 
Mechanics, 9(1):215-223. 
 
Siddiqa, S., Begum, N. and Hossain, M. (2017a). Dynamic of two-phase dusty 
nanofluid flow past a vertical wavy surface. Technische Universität Dortmund, 
Fakultät für Mathematik, 1-16. 
 
Siddiqa, S., Begum, N., Hossain, M. and Gorla, R. S. R. (2017b). Numerical solutions 
of natural convection flow of a dusty nanofluid about a vertical wavy truncated 
cone. Journal of Heat Transfer, 139(2):022503. 
 
Siddiqa, S., Begum, N., Hossain, M. A. and Gorla, R. S. R. (2017c). Natural convection 
flow of a two-phase dusty non-Newtonian fluid along a vertical surface. 
International Journal of Heat and Mass Transfer, 113:482-489. 
 
Siddiqa, S., Begum, N., Iftikhar, T., Rafiq, M., Hossain, M. A. and Gorla, R. S. R. 
(2019). Thermal Radiation Effects on Casson Dusty Boundary-Layer Fluid Flow 
Along an Isothermal Truncated Vertical Cone. Arabian Journal for Science and 
Engineering, 1-10. 
 
Siddiqa, S., Hossain, M. A. and Saha, S. C. (2015). Two-phase natural convection flow 
of a dusty fluid. International Journal of Numerical Methods for Heat & Fluid 
Flow, 25(7):1542-1556. 
 
Singleton, R. E. (1964). Fluid mechanics of gas-solid particle flow in boundary layers. 
Ph.D thesis, California Institute of Technology. 
 
Sobota, T. (2014). Fourier’s law of heat conduction. Encyclopedia of Thermal Stresses. 
Springer. Netherlands. 
 
Sochi, T. (2010). Flow of non‐ newtonian fluids in porous media. Journal of Polymer 
Science Part B: Polymer Physics, 48(23):2437-2767. 
206 
Subba Rao, A., Ramachandra Prasad, V., Bhaskar Reddy, N. and Anwar Bég, O. 
(2015). Heat transfer in a Casson rheological fluid from a semi‐ infinite vertical 
plate with partial slip. Heat Transfer—Asian Research, 44(3):272-291. 
 
Sulochana, C., Prakash, J. and Sandeep, N. (2016). Unsteady MHD flow of a dusty 
nanofluid past a vertical stretching surface with non-uniform heat source/sink. 
International Journal of Science and Engineering, 10(1):1-9. 
 
Sulochana, C. and Sandeep, N. (2016). Flow and heat transfer behavior of MHD dusty 
nanofluid past a porous stretching/shrinking cylinder at different temperatures. 
Journal of Applied Fluid Mechanics, 9(2):543-553. 
 
Sulochana, C., Sandeep, N., Sugunamma, V. and Kumar, B. R. (2015). Aligned 
magnetic field and cross-diffusion effects of a nanofluid over an exponentially 
stretching surface in porous medium. Applied Nanoscience, 6(5):737–746. 
. 
Tu, J., Yeoh, G. H. and Liu, C. (2018). Computational fluid dynamics: a practical 
approach. Butterworth-Heinemann. Oxford. 
 
Turkyilmazoglu, M. (2016). Flow of a micropolar fluid due to a porous stretching sheet 
and heat transfer. International Journal of Non-Linear Mechanics, 83:59-64. 
 
Ullah, I. (2018). Steady and unsteady MHD mixed convection flow of Casson and 
Casson nanofluid over a nonlinear stretching sheet and moving wedge. Ph.D 
thesis, Universiti Teknologi Malaysia. 
 
Ullah, I., Shafie, S. and Khan, I. (2016). Effects of slip condition and Newtonian 
heating on MHD flow of Casson fluid over a nonlinearly stretching sheet 
saturated in a porous medium. Journal of King Saud University-Science, 
29(12):250-259. 
 
Vajravelu, K. (1986). Hydromagnetic flow and heat transfer over a continuous, moving, 
porous, flat surface. Acta Mechanica, 64(3-4):179-185. 
 
Vajravelu, K. and Nayfeh, J. (1992). Hydromagnetic flow of a dusty fluid over a 
stretching sheet. International Journal of Non-Linear Mechanics, 27(6):937-945. 
 
Vajravelu, K. and Prasad, K. V. (2014). Keller-box method and its application. Walter 
de Gruyter GmbH & Co KG. Berlin. 
 
Venkatesan, J., Sankar, D., Hemalatha, K. and Yatim, Y. (2013). Mathematical analysis 
of Casson fluid model for blood rheology in stenosed narrow arteries. Journal of 
Applied Mathematics, 2013:1-11. 
 
Venkateshappa, V., Rudraswamy, B., Gireesha, B. and Gopinath, K. (2008). Viscous 
dusty fluid flow with constant velocity magnitude. Electronic Journal of 
Theoretical Physics, 5(17):237-252. 
 
Versteeg, H. K. and Malalasekera, W. (2007). An introduction to computational fluid 
dynamics: The finite volume method. Pearson Education. London. 
207 
Williamson, R. V. (1929). The flow of pseudoplastic materials. Industrial & 
Engineering Chemistry, 21(11):1108-1111. 
 
Yang, N., Zhang, G. and Li, B. (2010). Violation of Fourier's law and anomalous heat 
diffusion in silicon nanowires. Nano Today, 5(2):85-90. 
 
Zaman, A., Ali, N. and Bég, O. A. (2016). Unsteady magnetohydrodynamic blood flow 
in a porous-saturated overlapping stenotic artery—numerical modeling. Journal 
of Mechanics in Medicine and Biology, 16(04):1650049. 
 
